Abstract. The present study assessed the efficacy and toxicity of definitive extended-field intensity-modulated radiotherapy (EF-IMRT) plus concurrent chemotherapy in cervical cancer. A total of 48 patients with cervical cancer received the planning target volume between 39.6 and 50.4 Gy in 1.8-2.0 Gy daily fractions, while the enlarged pelvic and/or para-aortic nodes were treated with a total dose of 55-60 Gy in 2.0-2.4 Gy daily fractions using simultaneous integrated boost-IMRT. All patients underwent high dose-rate brachytherapy. Concurrent to EF-IMRT, nedaplatin was administered weekly at a median dose of 30 mg/m 2 (range, 25-40 mg/m 2 ) for 5 weeks with a total of 150 mg/m 2 . Of the 48 patients, 46 patients exhibited initial complete responses and 2 patients had partial responses, with a response rate of 100%. After 4-24 months of treatment, 12 patients (27.08%) had local and/or distant failure and 39 patients (81.25%) were alive at the last follow-up. The 12-month overall survival (OS) and disease-free survival (DFS) were 87.5 and 75.8%, respectively, while the 24-month OS and DFS were 69.7 and 49.7%, respectively. Grade ≥3 acute neutropenia and thrombcytopenia occurred in 20 (41.7%) and 4 (8.3%) patients, respectively, while 2 patients (4.2%) developed grade ≥3 diarrhea and 2 (4.2%) had grade ≥3 late toxicities. However, no patients exhibited grade ≥3 vomiting. Thus, concurrent nedaplatin chemotherapy with definitive EF-IMRT was effective and relatively safe for treating patients with cervical cancer. Furthermore, EF-IMRT was able to deliver ≤60 Gy to enlarged para-aortic and/or pelvic nodes using simultaneous integrated boost without increased acute and late gastrointestinal toxicity.
Introduction
Cervical cancer is a significant worldwide health problem, particularly in developing countries. Globally, cervical cancer accounted for the third most commonly diagnosed type of cancer and the fourth leading cause of cancer-related mortality in women in 2008 (1) . Patients in the early stages of cervical cancer typically exhibit no symptoms, whereas various symptoms, such as abnormal vaginal bleeding, pelvic pain and pain during sexual intercourse, are observed in the advanced stages (2, 3) . Cancer screening with the Papanicolaou smear test has been demonstrated to markedly reduce the occurrence of advanced cervical cancer and mortality (2, 3) . However, treatment of cervical cancer varies significantly; for example, the early stages of the disease are treated with surgery, while the later stages of the disease are treated only with chemotherapy and/or radiotherapy. Generally, cervical cancer is radiosensitive; thus, radiation may be used in all stages of disease, including when surgery is not an option for a patient in the early stages of disease (3) . Concurrent cisplatin-based chemoradiotherapy is the standard treatment for locally advanced cervical cancer. Cervical cancer patients with enlarged para-aortic nodes (PAN) may be treated with radical hysterectomy with removal of the lymph nodes or radiation therapy, whereas larger early stage tumors may be treated with radiation therapy and cisplatin-based chemotherapy, hysterectomy with adjuvant radiation therapy, or cisplatin chemotherapy followed by hysterectomy (3, 4) . By contrast, advanced stages of cervical cancer (stages IIB-IVA) are typically treated with radiation therapy and cisplatin-based chemotherapy (3, 4) . However, cervical cancer with metastasis to the PAN has a poor prognosis (5, 6) . In such cases, concurrent cisplatin-based chemotherapy with extended-field radiotherapy (EFRT) is the standard treatment strategy. Previous studies have demonstrated an improvement in disease control using EFRT and concurrent chemotherapy, and have shown a positive effect on overall survival (OS) compared with radiotherapy alone (7) (8) (9) (10) . However, the high levels of acute and chronic toxicities associated with EFRT are still potential barriers. In addition to decreasing patient quality of life, acute toxicity leads to premature termination of chemotherapy, and the number of chemotherapy cycles is an independent predictor of survival (11) . Therefore, there is an urgent need to evaluate novel treatment strategies to reduce toxicity and improve treatment efficacy. A previous study discussed the benefits of intensity-modulated radiotherapy (IMRT), which provides more conformal dose distribution into the tumor lesion. Furthermore, IMRT reduces the absorbed dose and the volume of the organ at risk (OAR), thus leading to reduced acute and late toxicity (12) . Nedaplatin is an analog of cisplatin that exhibits less nephrotoxicity, neurotoxicity and gastrointestinal (GI) toxicity than cisplatin (13) . Thus, the present study assessed the efficacy and toxicity of extended field-IMRT (EF-IMRT) with concurrent nedaplatin treatment in cervical cancer.
Patients and methods
Ethics. The present study was approved by the Ethics Committee of Anhui Tumor Hospital and Anhui Provincial Hospital (Hefei, China). Informed consent was obtained from all patients included in the current study.
Patients. In the present study, a total of 48 women with histology-confirmed cervical cancer were recruited for treatment with definitive EF-IMRT plus concurrent weekly nedaplatin from Anhui Tumor Hospital and Anhui Provincial Hospital between February 2012 and April 2014. Patients with synchronous malignancies or distant metastases at diagnosis were excluded from the study. Among the total patients, 12 patients exhibited enlarged para-aortic lymph nodes only, 17 patients exhibited multiple enlarged pelvic lymph nodes, and 19 patients had enlarged para-aortic and pelvic lymph nodes. The decision to use EF-IMRT was made by the medical oncologists. Lymph nodes that measured as >1 cm in the short axis diameter were considered malignant. Patients with confirmed tumor metastasis to the lymph nodes (n=9) underwent pelvic lymphadenectomy.
The median age of the 48 patients was 51 years (range, 31-70 years), 45 (93.75%) of which had cervical squamous cell carcinoma and 3 (6.25%) of which had adenocarcinoma. A medical history, physical examination, gynecologic pelvic examination, complete blood cell count, blood chemistry profile, chest X-ray or computed tomography (CT) scan, abdominal CT scan, and pelvic magnetic resonance imaging (MRI)/CT scan were obtained for all patients. In addition, 7 patients received positron emission tomography (PET). The patients were staged according to the staging system of the International Federation of Gynecology and Obstetrics (14) [including regional lymph nodes (common, internal, external iliac, obturator and presacral lymph nodes], according to the consensus guidelines (15, 16) . Different margins were added to form the planning target volume (PTV). A 10-15 mm planning margin was applied around the cervix and gross tumor, a 15-20 mm margin around the uterus, and a 7 mm margin around the remainder of the CTV 1 to form PTV 1 . By contrast, CTV 2 included the para-aortic lymph nodes region, the lower border (bifurcation of abdominal aorta) and the upper border (7 mm below the T12/L1 interspace). A 7 mm planning margin was applied around CTV 2 to define PTV 2 . The gross tumor volume of nodes (GTVnd) included enlarged lymph nodes, and a 5 mm margin was used around the GTVnd to produce the pGTVnd. The prescribed dose of PTV 1 ranged between 45 and 50.4 Gy in 1.8-2.0 Gy daily fractions lasting 7-8 min, and of PTV 2 ranged between 39.6 and 50 Gy in 1.8-2.0 Gy daily fractions lasting 7-8 min. Fifteen patients received the same prescribed dose for PTV 1 and PTV 2 , while the others received the different prescribed dose for PTV 1 and PTV 2 . pGTVnd was treated with a total dose of 55-60 Gy in 2.0-2.4 Gy daily fractions using simultaneous integrated boost-IMRT (Fig. 1) . The target planning constraints were as follows: i) >99% of the PTV received >90% of the prescribed dose and >97% PTV received >97% of the prescribed dose; and ii) <1% of the PTV received >115% of the prescribed dose. The maximum dose applied to all tissues was <115-117% of the prescription dose. The normal tissue planning constraints were as follows: i) Rectum [volume receiving >50 Gy (V50), <30%; maximum dose, <52 Gy]; ii) small bowel [volume receiving >45 Gy (V45), <250 cm 3 ]; iii) bladder [volume receiving >50 Gy (V50), <30%; maximum dose, <52 Gy]; iv) bone marrow [volume receiving >20 Gy (V20), <75%; volume receiving >10 Gy (V10), <95% (35/48 patients were planned prior to the introduction of bone marrow sparing)]; v) kidney [volume receiving >20 Gy (V20), <20%; mean dose, <18 Gy] vi) liver [volume receiving >30 Gy (V30), <40%]; and vii) spinal cord (maximum dose, <45 Gy). Radiotherapy was suspended when the peripheral neutrophil count was <500/mm 3 or the peripheral platelet count was <50,000/mm 3 until the patient recovered. Patients were treated with a Varian Trilogy System Linear Accelerator (Varian Medical Systems, Palo Alto, CA, USA) at Anhui Tumor Hospital while Elekta Synergy (Elekta, Crawley, UK) was used at Anhui Provincial Hospital. All IMRT treatments were planned with Pinnacle 3 v 9.10 (Philips Medical Systems, Fitchburg, WI, USA), and delivered using the step and shoot mode.
Following EF-IMRT, all patients underwent high dose-rate (HDR) intracavitary brachytherapy using iridium-192. Five fractions of 5.5-6.0 Gy each were delivered to point A (defined as 2 cm lateral to the central canal of the uterus and 2 cm up from the mucous membrane of the lateral fornix in the axis of the uterus) once or twice weekly, with no EF-IMRT treatment administered on the day of the HDR intracavitary treatment.
Chemotherapy. Nedaplatin, developed by Jiangsu Aosaikang Pharmaceutical Co., Ltd. (Nanjing, China), was dissolved in 500 ml saline and infused intravenously. The first cycle was administered on the first day of EF-IMRT. All patients received weekly nedaplatin at a median dose of 30 mg/m 2 (range, 25-40 mg/m 2 ) once a week for 5 weeks (a total dose of 150 mg/m 2 every 5 weeks) during the course of EF-IMRT. Anti-emetics, such as 5-hydroxytryptamine-3 receptor antagonist, were administered routinely prior to nedaplatin infusion. However, nedaplatin infusion was delayed if the peripheral neutrophil count was <1,000/mm 3 or the peripheral platelet count was <75,000/mm 3 . The optimal number of chemotherapy cycles administered was 5.
Evaluation of treatment efficacy and follow-up of patients.
During treatment, all the patients underwent weekly physical examinations, complete blood counts, and liver and renal function tests prior to the concurrent chemotherapy. Patient response was evaluated for 3 months after completion of the treatment. Complete response (CR) was defined clinically (gynecological pelvic examination and imaging) as the disappearance of all gross lesions. Partial response (PR) was defined as a >50% reduction of the tumor. Stable disease (SD) was defined as the presence of the tumor with <50% reduction of the tumor size. Progressive disease (PD) was defined as a >25% increase in the size of the local tumor or the appearance of any new lesion.
The treatment responses of all the patients were assessed by a radiation oncologist and/or a gynecological oncologist at 4 weeks and 3 months after the completion of treatment, and then followed up every 3 months during the first 2 years, and every 6 months thereafter. Follow-up evaluation included physical examination, gynecological pelvic examination, abdominal ultrasound or CT, pelvic ultrasound or CT and/or MRI, blood counts, and chemistry profiles. These patients were followed up regularly and the most recent follow-up was performed in August 2014.
Evaluation of treatment toxicities. Acute toxicity was measured from initiation of EF-IMRT to 90 days after the completion of treatment, while late toxicity was measured from >90 days after the completion of the treatment. Acute toxicity was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0 (17) and late toxicity was graded according to the Radiation Therapy Oncology Group (RTOG) (18) late radiation morbidity scoring criteria.
Statistical analysis. Disease-free survival (DFS) and OS rate were analyzed using Kaplan-Meier curves, and treatment outcome was estimated by using Kaplan-Meier curves, in addition to the log-rank test for univariate analysis and the Cox proportional hazards model for multivariate analysis. SPSS software (version 13.0; SPSS, Inc., Chicago, IL, USA) was used to perform the statistical analyses. Data are presented as the mean ± standard deviation, and P<0.05 was considered to indicate a statistically significant difference.
Results
Treatment response. Patient response was evaluated for 3 months after the completion of treatment. It was found that 
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46 patients had CR and 2 had PR, with a response rate of 100% (Tables I and II) . After 10 and 11 months, 2 patients with CR exhibited relapsed disease inside the radiation field and lung metastasis, while 9 patients with CR developed distant metastasis only. The most common site of distant metastasis was the lung (5 to the lung, 3 to the mediastinal lymph nodes, 3 to the inguinal lymph nodes, 3 to the supraclavicular lymph nodes, 1 to the liver and 1 to the lumbar vertebrae bone) (Table II) .
OS and DFS.
At the most recent follow-up in August 2014, 9/48 patients (18.8%) had succumbed to disease, between 6 and 25 months after treatment. Of these 9 patients, 2 had exhibited PR (one sucumbed to suicide at 8 months after therapy, the other succumbed to local tumor progression and distant metastasis). Among the remaining 7 patients, 1 patient succumbed due to local tumor relapse and distant metastasis, and 6 succumbed to distant metastasis. The median follow-up time was 12 months (range, 4-28 months). The 12-month OS and DFS were 87.5 and 75.8%, respectively, and the 24-month OS and DFS were 69.7 and 49.7%, respectively (Fig. 2) .
Treatment toxicities. None of the 48 patients succumbed within 1 month after treatment, although 20/48 patients (41.7%) had grade 3 or higher neutropenia, 4 patients (8.3%) had grade 3 or higher thrombocytopenia, and 2 patients (4.2%) had grade 3 diarrhea. No patients developed grade 3 or higher vomiting (Table III) . Specifically, 44/48 patients (91.7%) were able to complete 5 weeks of concurrent nedaplatin chemotherapy, and only 4 patients (8.3%) received 3/4 cycles of chemotherapy due to grade 4 hematologic toxicity. A platelet transfusion was required by 1 patient, however, all patients completed radiotherapy. The median treatment duration from EF-IMRT to the last day of brachytherapy was 52 days (range, 48-61 days) and 45/48 patients (93.75%) completed radiotherapy in 8 weeks. Furthermore, 2 patients (4.2%) developed grade 3 late GI toxicity, 1 patient experienced a sigmoid stricture that required colostomy, and 1 patient a experienced small intestine obstruction that required surgical management.
Discussion
In the present study, patients with cervical cancer were treated with EF-IMRT plus concurrent nedaplatin therapy for ≤8 weeks. All patients responded to this treatment regimen, although 24/48 (45%) patients experienced grade 3 or 4 neutropenia and thrombocytopenia. However, this treatment regimen featured a low rate of high-grade GI toxicity. The 12-month OS and DFS were 87.5 and 75.8%, respectively, and the 24-month OS and DFS were 69.7 and 49.7%, respectively. Thus, the present study indicates that EF-IMRT plus concurrent nedaplatin treatment in cervical patients is a safe and highly effective treatment strategy.
EFRT causes known side-effects on the bone marrow and small bowel, and the addition of concurrent chemotherapy to EFRT only exacerbates its toxicity. Previously, a prospective phase II cooperative group clinical trial, in which para-aortic lymph nodes were treated with 4,500 cGy, reported grade 3-4 acute GI toxicity in 18.6% of patients. Furthermore, a late morbidity actuarial risk of 14% at 4 years primarily involved the rectum in cervical cancer patients treated with concurrent chemotherapy and EFRT (7) . However, the use of the IMRT significantly reduced doses to the OAR, and decreased GI and hematological toxicities (12) . Consensus guidelines for delineation of the CTV have been published (15, 16) . The theoretical drawbacks of IMRT treatment include dose inhomogeneity within target volumes, longer treatment times than conventional radiotherapy and the uncertainty of organ motion. However, previous studies demonstrated the advantages of IMRT over EFRT delivered by three-dimensional conformal radiotherapy for extended field treatments (19) (20) (21) . For example, Portelance et al (19) performed a dosimetric analysis to determine the feasibility of pelvic and para-aortic IMRT in 10 patients who underwent CT simulation from T2 to the ischial tuberosities with conventional 2-and 4-field plans versus 4-, Figure 2 . Kaplan-Meier curve analysis of (A) overall and (B) disease-free survival of 48 patients following extended field intensity-modulated radiotherapy plus concurrent chemotherapy.
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7-and 9-fields IMRT plans. IMRT resulted in a statistically significant reduction (P<0.05) in the volume of small bowel irradiation, demonstrating 11, 15 and 13.6% reduction in the 4-, 7-and 9-field IMRT, respectively. By contrast, 35 and 34% reduction occurred in the conventional 2-and 4-field plans, respectively. The rectal dose was significantly lower with IMRT (P<0.001) (19) . Furthermore, Gerszten et al demonstrated a significant reduction in critical organ irradiation with EF-IMRT, and proposed that the treatment may reduce both acute and late treatment-associated side-effects (20) . Salama et al reported the preliminary outcome and toxicity of EF-IMRT for gynecological malignancies, in which 13 women with gynecologic malignancies tolerated EF-IMRT and only 2 patients experienced grade 3 or higher acute toxicity (21) . By contrast, Jensen et al demonstrated high toxicity rates in patients with cervical cancer that underwent EF-IMRT and concurrent cisplatin treatment; acute grade 3 or higher GI toxicity was 19.0% and acute grade 3 or higher hematological toxicity was 57.1% (22) . In the current study, 20/48 patients (41.7%) exhibited grade 3 or higher neutropenia, 4 patients (8.4%) had grade 3 or higher thrombocytopenia and 2 patients (4.2%) developed grade 3 diarrhea. This further indicates that the hematological toxicity was significant, however, the majority of patients tolerated the side effects, with >90% of patients able to complete the treatment regime.
Nedaplatin is an analog of cisplatin that exhibits less nephrotoxicity, neurotoxicity and GI toxicity than cisplatin itself. A previous phase I study determined that the recommended weekly dose of nedaplatin was 30 mg/m 2 , administered for >5 cycles and ≤8 cycles if possible. Weekly administration of nedaplatin may be more tolerable and less toxic than weekly administration of cisplatin (23) . Furthermore, a phase II study confirmed that concurrent chemoradiotherapy using weekly nedaplatin (30 mg/m 2 ) is safe and effective (24) . No grade 3 vomiting was observed in the present study, and the total high-grade GI toxicity was 4.2%, which is considerably lower than reported in a previous study by Jensen et al (22) .
The impact of total length of radiation treatment is critical for determining OS rate. Walker et al reported that delays in treatment were predominantly a result of dehydration due to diarrhea, nausea and vomiting, which may be caused by cisplatin toxicity and increased small bowel radiation toxicity in the para-aortic field (25) . With the integrated boost of involved nodes using EF-IMRT, the median treatment time from the first day of EF-IMRT to the last day of brachytherapy in the current study was 53 days (range, 48-61 days), which did not significantly prolong the length of radiation treatment compared with previous studies of chemoradiotherapy (7, 25) . Furthermore, regarding renal toxicity in patients treated with EFRT (3, 5) , the current study did not induce any acute or late renal grade 3 or higher toxicity. Jensen et al reported 18-month cumulative incidences of late grade 3 or higher genitourinary and GI toxicity were 4.8 and 0%, respectively, following EF-IMRT with concurrent cisplatin chemotherapy (22) . RTOG 90-01 reported a late toxicity rate of 12% in patients treated with EFRT without concurrent chemotherapy (26) . In prior studies of EFRT and concurrent chemotherapy, the reported late toxicity rates were 0-14% (7,27-30). The present study revealed that 2/48 patients (4.2%) developed grade 3 GI late toxicity. The current results are consistent with reports from these prior studies (7, (27) (28) (29) (30) (31) .
The delivery of radiation to grossly involved nodes has been limited due to its toxicity to adjacent organs and tissues (6) . However, IMRT has been shown to permit delivery of ≤60 Gy to para-aortic and/or pelvic nodes, with substantially reduced doses to the bowel, bladder and bone marrow (17, 32) . In the current study, tumors metastasized to the para-aortic and/or pelvic nodes were treated with a total dose of 55-60 Gy in 2.0-2.4 Gy daily fractions using simultaneous integrated boost-IMRT. Following this treatment, no recurrence was observed in the para-aortic regions, and no increased acute or late GI toxicity was observed.
The present study demonstrated that concurrent treatment with nedaplatin and definitive EF-IMRT was effective in cervical cancer patients, with a low incidence of high-grade acute gastrointestinal toxicity. The results also revealed that distant metastasis was the major cause of mortality; thus, novel treatment regimens, such as multidrug concurrent chemo/radiotherapy or immunotherapy with or without radiotherapy, require investigation. The current study was not a randomized controlled trial and was limited by the small number of patients. Thus, in order to confirm the safety and efficacy of this treatment regime on patients with cervical cancer, further studies are warranted using a larger sample size and a randomized controlled trial.
